Osteoarthritic disease is the result of mechanical and biological events that destabilize the normal processes of degradation and synthesis of articular cartilage chondrocytes, extracellular matrix, and subchondral bone. Osteoarthritis of the knee can cause symptoms ranging from mild to disabling. Initial management of most patients should be nonoperative, but because of the progressive nature of the disease, many patients with osteoarthritis of the knee eventually benefi t from operative treatment. Various procedures have been described for treatment of the osteoarthritic knee, ranging from arthroscopic lavage and debridement to total knee arthroplasty. The aim of this study was to evaluate the clinical results of distraction arthroplasty combined with arthroscopic lavage and drilling of cartilage defects for treatment of osteoarthritis of the knee.
Osteoarthritic disease is the result of mechanical and biological events that destabilize the normal processes of degradation and synthesis of articular cartilage chondrocytes, extracellular matrix, and subchondral bone. Osteoarthritis of the knee can cause symptoms ranging from mild to disabling. Initial management of most patients should be nonoperative, but because of the progressive nature of the disease, many patients with osteoarthritis of the knee eventually benefi t from operative treatment. Various procedures have been described for treatment of the osteoarthritic knee, ranging from arthroscopic lavage and debridement to total knee arthroplasty. The aim of this study was to evaluate the clinical results of distraction arthroplasty combined with arthroscopic lavage and drilling of cartilage defects for treatment of osteoarthritis of the knee.
Nineteen patients (15 women and 4 men; age range, 39-65 years) were operated on. Pre-and postoperative fi ndings were compared. A control group comprising 42 patients treated with only arthroscopic procedures was evaluated for comparison. Follow-up ranged from 3 to 5 years. Results were evaluated both clinically and radiologically postoperatively and throughout the follow-up period. Clinically, pain and walking capacity improved in most patients. Radiologically, joint space widening and improvement of the tibiofemoral angle was noted in nearly all patients.
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Figure: AP radiograph of the right knee in a 55-yearold woman showing osteoarthritic changes. Note narrowing of the medial joint space (A). AP radiograph of the same patient 3 years after arthrodiatasis. Note the maintained wide joint space medially (B).
B
A O steoarthritic disease is the result of mechanical and biological events that destabilize the normal processes of degradation and synthesis of articular cartilage chondrocytes, extracellular matrix, and subchondral bone. 1, 2 These changes include increased water content, decreased proteoglycan content, and altered collagen matrix, all leading to the deterioration of articular cartilage. Osteoarthritis of the knee can cause symptoms ranging from mild to disabling. Initial management of most patients should be nonoperative and may include physical therapy, bracing, orthoses, ambulatory aids, anti-infl ammatory medications, intra-articular steroid or hyaluronic acid injections, and analgesics. Changes in daily work and recreational activities may also be necessary. Because of the progressive nature of the disease, many patients with osteoarthritis of the knee eventually require operative treatment. [3] [4] [5] Various procedures have been described for treatment of the osteoarthritic knee, ranging from arthroscopic lavage and debridement to total knee arthroplasty (TKA). [6] [7] [8] [9] Recent advances in instrumentation and a growing understanding of the pathophysiology of osteoarthritis have led to increased use of arthroscopy for the management of degenerative arthritis of the knee. Techniques include lavage and debridement, abrasion arthroplasty, subchondral penetration procedures (drilling and microfracture), and laser/thermal chondroplasty. In most patients, short-term symptomatic relief can be expected with arthroscopic lavage and debridement.
Greater symptomatic relief and more persistent pain relief can be achieved in patients who have acute onset of pain, mechanical disturbances from cartilage or meniscal fragments, and normal lower-extremity alignment. 10 However, arthroscopic debridement prevents further deterioration of the joint and improves pain by trimming the degenerated parts of the menisci, shaving the eroded spots and permitting the fi brocartilage to develop.
Irrespective of underlying mechanisms, the structural changes after joint distraction and its effi cacy over several years validate the concept of joint distraction in the treatment of osteoarthritis.
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The aim of this study was to evaluate the clinical results of knee distraction arthroplasty combined with arthroscopic lavage and drilling of cartilage defects in the affected joint for the treatment of osteoarthritis of the knee.
MATERIALS AND METHODS
From December 2003 to March 2005, two hundred patients with knee osteoarthritis presented to our institution. Most of them were either treated conservatively or with conventional surgical methods. Nineteen patients with primary osteoarthritis of the knee (15 women [housewives] and 4 men [laborers]) were included in this study. These patients refused common surgical procedures for osteoarthritis of the knee, including TKA and high tibial osteotomy, so the technique used in the study was discussed and informed consent was obtained from all patients. Failure of all forms of conservative measures for several months was reported in all patients. Patient age ranged from 39 to 65 years. The right side was affected in 10 patients and the left side in 9 patients. Patient weight ranged from 70 to 95 kg. All patients were treated conservatively for 3 to 6 months with analgesic anti-infl ammatory medication, physiotherapy, and modifi cation of activities of daily living.
All patients underwent both clinical and radiological examination preoperatively and throughout the follow-up period. Clinical evaluation included: (1) assessment of pain using the Likert scale, 12 where 0ϭno pain at rest, 1ϭmild pain, 2ϭmoderate pain, 3ϭsevere pain, and 4ϭextreme or agonizing pain; (2) presence of lower-limb deformity (varus, valgus, or fl exion contracture); (3) knee range of motion (ROM); and (4) functional ability (the distance that the patient could walk without pain, ability to go up and down stairs). 13 Radiologically, anteroposterior (AP), lateral, and Rosenberg view standing plain radiographs of the knee joint were taken. Radiological fi ndings were assessed using Dahlberg's classifi cation 14 : grade 0ϭnormal; grade 1ϭsubchondral sclerosis, minimal reduction in cartilage height; grade 2ϭϾ50% reduction of cartilage height; grade 3ϭ100% reduction of cartilage height; grade 4ϭbone erosion Ͻ5 mm; grade 5ϭbone erosion Ͼ5 mm. Tibiofemoral angle, which is the angle between the longitudinal axis of the femur and the longitudinal axis of the tibia, was measured on AP radiographs.
Forty-two patients (27 women and 15 men) were treated only arthroscopically. Patient age ranged from 41 to 68 years (average, 51.6 years). The right knee was affected in 17 patients and the left knee in 25 patients (Table 1) .
SURGICAL TECHNIQUE
Arthroscopic examination of the affected joint was performed. The menisci were inspected and managed accordingly. Debridement and abrasioplasty of the large ulcers of both femoral and tibial condyles were performed through anterolateral and anteromedial portals, then lavage and drilling of the cartilage defects of the knee were done. An Ilizarov external fi xator was applied to all patients: 1.5 rings above and 1.5 rings below the knee joint. Distraction of the joint was done through the threaded rods on both sides, 1 mm per day for 4 weeks, starting from the fi rst day.
Control Group
Arthroscopic examination of the affected knee was performed. Treatment began with lavage to rid the joint of debris, then arthroscopic debridement was performed, including trimming of frayed edges or partial resection of the degenerated tear of the menisci, plica resection, and partial synovectomy in areas of degenerated synovitis. Articular cartilage debridement, loose body extraction, and arthroscopic e339 ORTHOPEDICS | ORTHOSuperSite.com ■ Feature Article abrasion arthroplasty was performed in areas of exposed bone denuded of hyaline cartilage.
Postoperative Care
Antibiotic prophylaxis was given for 24 hours, as well as antithrombotic prophylaxis (heparin 5000 IU daily) until discharge from the hospital. Early active exercises of the knee and quadriceps were started from the second postoperative day. Ambulation was allowed with full weight bearing of the affected limb when total distraction was reached after 4 weeks. In the control group, patients started aided walking on the second postoperative day for 8 weeks.
Follow-up
All patients underwent regular assessment every 2 weeks for the fi rst 3 months (the time of external fi xator removal), monthly until the end of the fi rst year, then every 6 months until the end of the follow-up period, which ranged from 58 to 82 months (average, 65 months). In the control group, follow-up ranged from 43 to 72 months (average, 52 months).
Data were analyzed with the Student t test.
RESULTS
Clinically, preoperatively, moderate to severe or agonizing pain was a major concern of all patients (10 patients had moderate, 7 had severe, and 2 had agonizing pain). Pain was usually associated with motion or weight bearing, but was also present at rest in 4 patients. Pain markedly increased during the fi rst 5 days of joint distraction. Three months postoperatively, pain was mild in 12 patients, moderate in 5, and severe in 2. After 1 year, pain was mild in 14 patients, moderate in 4, and severe in 1. By the end of follow-up period, 11 patients had no pain, 6 had mild pain, and 2 had moderate pain (PϽ.004).
Preoperatively, walking capacity ranged from 10 to 35 minutes. At fi nal follow-up, it ranged from 32 to 51 minutes (PϽ.000). Preoperatively, all patients experienced diffi culty in ascending or descending the stairs. At fi nal follow-up, 14 patients experienced no diffi culty in stair climbing, while 5 patients experienced diffi culty, especially in descending.
Goniometric measurements of knee ROM showed that active knee fl exion ranged from 70Њ to 95Њ preoperatively and from 110Њ to 135Њ at fi nal follow-up (PϽ.029). Passive ROM ranged from 85Њ to 120Њ preoperatively and from 150Њ to 170Њ at fi nal follow-up (PϽ.193).
Radiologically, mean joint space was 2.5 mm preoperatively and increased to 4.3 mm at fi nal follow-up (PϽ.000) (Figures 1, 2) . Tibiofemoral angle ranged from 173Њ to 189Њ preoperatively and from 171Њ to 174Њ at fi nal follow-up (PϽ.000).
There were no statistical differences in the abovementioned parameters regarding patient sex, age, or side affected, but there was a positive correlation between body weight and persistence of pain postoperatively and at fi nal follow-up (PϽ.038).
Regarding complications, pin tract infection was noted in 17.7% of patients, but all responded completely to local cleaning and systemic antibiotics. Clinically diagnosed deep vein thrombosis developed in 2 patients; in 1 patient, the thrombosis resolved after heparinization, but the other patient developed nonfatal pulmonary embolism.
Arthroscopically, evaluation of the condition of the affected knee was performed fi rst. The medial compartment was more frequently and severely involved. Eleven Radiologically, mean joint space narrowing was 2.7 mm preoperatively and 2.4 mm at fi nal follow-up (PϽ.135). Tibiofemoral angle ranged from 170Њ to 185Њ preoperatively, with no change at fi nal follow-up (Table 2) .
DISCUSSION
Knee osteoarthritis is a degenerative disease characterized by destruction of articular cartilage, subchondral sclerosis, and frequently a mild degree of infl ammation, affecting Ͼ10% of the adult population. It is a multifactorial disease characterized by damage to articular cartilage and subchondral bone. The results of different modalities for treating osteoarthritis are only palliative.
Joint distraction as a treatment for osteoarthritis of hip and ankle has been demonstrated to be effective in many studies. Pain, joint mobility, and functional ability, the most important factors for a patient 
1A
1B 1C with severe osteoarthritis, all improved. In light of increased aging and the limited life span of an endoprosthesis, evaluation of joint distraction in the case of knee osteoarthritis is justifi ed. [15] [16] [17] [18] Little basic research has been done on articulated joint distraction for the repair of osteochondral defects. 19 In a study on rabbit knees by Kajiwara et al, 20 the combination of subchondral drilling, joint motion, and distraction by an articulated external fi xator promoted repair of a fresh osteochondral defect in the weight-bearing area. Although distraction for 4 weeks was not a long enough period to repair the defect, distraction for 8 and 12 weeks resulted in a good outcome. Yanai et al 21 also concluded that the repair of large cartilage defects can be enhanced by joint distraction.
2A 2B 2C
In a study on a canine model by van Valburg et al, 22 they proved by biochemical analysis that after joint distraction, the abnormal cartilage proteoglycan metabolism characteristic for osteoarthritis changed to a level found in control normal joints. Change in proteoglycan turnover, indicating normalization of overall chondrocyte function might, in the long-term with normal joint use, lead to cartilage repair.
Joint distraction using an external fi xation frame relieves mechanical loading of the periarticular bone, reduces mechanical stresses on the joint cartilage, prevents further wear and tear of the cartilage surfaces, and gives chondrocytes a chance to begin repair. [23] [24] [25] [26] [27] Most of the patients in our series when examined arthroscopically were found to have degenerative meniscal tears or degenerative ulcers, which exaggerate the signs and symptoms of the arthritic knee. 28, 29 In all patients, pain increased, especially 5 days following the application of the apparatus and starting distraction. This concurs with Wang and Hsu, 30 who reported that pain usually increases after traction due to stretching of the collateral ligaments and capsule of the joint. However, on assessment of the patient 1 year later, pain showed a statistically signifi cant decrease. van Valburg et al 31 reported that fi brocartilage fi lling was completed and joint surfaces were smooth and equalized, rendering less pain.
Walking capacity decreased immediately postoperatively, but showed a statistically signifi cant improvement at fi nal follow-up. This could be attributed to patients not being accustomed to walking with the apparatus around their knees. After removal of the apparatus, patients had time to walk properly. However, in late follow-up, the knee restored its full biomechanical function with improvement of the condition of articular cartilage, so patients were able to walk faster without pain.
Joint space increased considerably at fi nal follow-up. These fi ndings did not agree with those of Hung et al, 29 who found a decrease in the joint space of ankles treated this way. Cartilage may have degenerated in Hung et al's 29 patients since he continued distraction for 9 weeks, but the increased joint space in our patients may be due to improvement of cartilage in the knees, especially because distraction was continued for only 4 weeks. This proved that excessive traction for a long time is not recommended.
The tibiofemoral angle showed a statistically signifi cant improvement, especially in late follow-up. This means that cartilage improved, especially over the medial compartment, which carries most of the stresses of the knee joint. This differs from the fi ndings of van Valburg et al, 31 who reported that the ankle has universal stresses of weight on its articular surface while the knee shows more stresses over its medial compartment.
The main complication experienced in our study was pin tract infection (73.68% of patients), and this could be due to improper or unsanitary handling of the frame by the patients. However, most patients were treated successfully with proper antibiotics. van Valburg et al 31 also reported pin tract infection but to a lesser degree, which was treated by appropriate antibiotics.
Deep vein thrombosis occurred in 10.53% of our treated patients, and this could be attributed to distraction of the popliteal artery and vein, especially in the back of the knee where both vessels are entrapped in a restricted space being stretched by distraction, especially in sclerotic vessels. Accordingly, traction is recommended to be limited to a short period with early ambulation of the patients. Moreover, suspected patients should be investigated as early as possible.
In comparing distraction arthrodiatasis with standard arthroscopic techniques in the management of knee osteoarthritis, the main difference was in correction of bony alignment and reconstruction of the knee joint dimensions in the arthrodiatasis technique, which leads to better results in a longer follow-up period.
